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bstract
We evaluated the antioxidant and antimicrobial activity of a methanolic extract of the roots of Arisaema  jacquemontii. Antioxidant
ctivity was determined in the 1,1-diphenyl-2-picryl-hydrazyl (DPPH), nitroblue tetrazolium (NBT) and ferric reducing power tests.
he extract had significant antioxidant activity in all assays, with values of 64.16 ±  0.19% in the DPPH and 62.16 ±  0.17% in the
BT assays, and reduced Fe3+ ferricyanide complex to the ferrous form (Fe2+). Antibacterial activity and minimum inhibitory
oncentrations were calculated by the broth dilution method. The root extract prevented the growth of both Gram-positive and
ram-negative bacteria, at a minimum inhibitory concentration of 0.24–0.41 mg/mL. Antifungal activity, measured as inhibition of
ycelium growth, was 28.32–36.50%. The antimicrobial and antioxidant activities of the extracts were positively associated with
he total phenolic and flavonoid contents of the extract.
 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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.  Introduction
Changing environmental conditions are giving rise
o a variety of free radicals, which plants have to
eal with them in order to survive. Reactive oxygen
pecies, such as singlet oxygen, superoxide ion, hydroxyl∗ Corresponding author. Tel.: +91 9797757900.
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eer review under responsibility of Taibah University.
ttp://dx.doi.org/10.1016/j.jtusci.2014.11.001
658-3655 © 2014 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).ion and hydrogen peroxide, are highly reactive, toxic
molecules, which are generated normally in cells during
metabolism. They cause severe oxidative damage to pro-
teins, lipids, enzymes and DNA by covalent binding and
lipid peroxidation, with subsequent tissue injury. Natural
antioxidant agents have attracted much interest because
of their ability to scavenge free radicals [1]. Free radicals
have been implicated in the development of a number
of disorders, including cancer, neurodegeneration and
inflammation [2–4], giving rise to studies of antioxi-
dants for the prevention and treatment of diseases. Thebehalf of Taibah University. This is an open access article under the
presence of antioxidants such as phenolics, flavonoids,
tannins and proanthocyanidins in plants may provide
protection against a number of diseases; for example,
ingestion of natural antioxidants has been inversely
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(NBT), 10 mmol/L d,l-methionine, and 0.025% (v/v)
Triton X-100. The reaction was initiated by illuminat-450 S.A. Baba, S.A. Malik / Journal of Tai
associated with morbidity and mortality from degener-
ative disorders [5]. Medicinal plants are therefore being
investigated for their antioxidant properties, and the
demand for natural antioxidants and food preservatives
is increasing [6].
Arisaema  jacquemontii  is an important medicinal
plant of Kashmir, which has been used to cure vari-
ous ailments in traditional systems of medicine. The
plant belongs to the family Araceae and is commonly
known as cobra lily. It is used as a food, an anthel-
menthic and in the treatment of respiratory infections,
dermatitis and as an antidote for snakebites [7]. A
lectin from A.  jacquemontii  tuber was reported to have
anti-insect and anti-proliferative properties [8]. Anticon-
vulsant activity and an effect on platelet aggregation
have also been reported [9], and the leaves have been
reported to have antioxidant and immunomodulating
potential [10]. Although the plant is widely used in tra-
ditional medicine, few studies have been conducted of
the pharmacological activities of the plant. Phenolic and
flavonoid compounds are widespread in plant kingdom
where they act as antioxidants and free radical scaven-
gers. The objective of this study was to determine the
total phenolic and flavonoid content and the antioxidant
and antimicrobial activity of a methanolic extract of roots
of A.  jacquemontii.
2.  Materials  and  methods
2.1.  Plant  material  and  preparation  of  extract
Roots of A.  jacquemontii  were collected in Uri,
Jammu and Kashmir. The identity of plant was confirmed
at the Centre of Plant Taxonomy and Biodiversity, Uni-
versity of Kashmir. The roots were dried in shade at room
temperature, then chopped and ground to a fine pow-
der in a mechanical blender. Dried root powder (20 g)
was packed into a Soxhlet apparatus and extracted with
300 mL methanol at 60–65 ◦C for 3–4 h. The extract was
filtered through Whatman filter paper No. 1, and the fil-
trate was concentrated under reduced pressure at 40 ◦C.
The extract was dried, weighed (2.6 g) and stored at 4 ◦C
in storage vials for experimental use.
2.2.  Total  phenolic  content
The total phenolic content of the extract was deter-
mined by the Folin–Ciocalteu method [11]. Briefly,
200 L of crude extract (1 mg/mL) were made up to
3 mL with distilled water, mixed thoroughly with 0.5 mL
of Folin–Ciocalteu reagent for 3 min, followed by the
addition of 2 mL of 20% (w/v) sodium carbonate. Theiversity for Science 9 (2015) 449–454
mixture was allowed to stand for a further 60 min in
the dark, and absorbance was measured at 650 nm. The
total phenolic content was calculated from the calibration
curve, and the results were expressed as mg of gallic acid
equivalent per g dry weight.
2.3.  Total  ﬂavonoid  content
The total flavonoid content of crude extract was deter-
mined by the aluminium chloride colorimetric method
[12]. In brief, 50 L of crude extract (1 mg/mL ethanol)
were made up to 1 mL with methanol, mixed with 4 mL
of distilled water and then 0.3 mL of 5% NaNO2 solu-
tion; 0.3 mL of 10% AlCl3 solution was added after
5 min of incubation, and the mixture was allowed to
stand for 6 min. Then, 2 mL of 1 mol/L NaOH solution
were added, and the final volume of the mixture was
brought to 10 mL with double-distilled water. The mix-
ture was allowed to stand for 15 min, and absorbance
was measured at 510 nm. The total flavonoid content was
calculated from a calibration curve, and the result was
expressed as mg rutin equivalent per g dry weight.
2.4.  Antioxidant  properties
2.4.1.  1,1-Diphenyl-2-picryl-hydrazyl  assay
The antioxidant activity of the extract was determined
by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay, as
described earlier with some modifications [13]. Briefly,
200 L of each extract (100–500 g/mL) were mixed
with 3.8 mL DPPH solution and incubated in the dark at
room temperature for 1 h. The absorbance of the mixture
was then measured at 517 nm. Ascorbic acid was used as
a positive control. The ability of the sample to scavenge
DPPH radical was determined from:
DPPH scavenging effect = Control OD − Sample OD
Control OD
× 100
2.4.2.  Nitroblue  tetrazolium  assay
Superoxide anion scavenging activity was deter-
mined as described earlier [14]. The reaction was
performed in 50 mmol/L phosphate buffer (pH 7.8) con-
taining concentrations of 100–500 g/mL of the extract,
1.5 mmol/L riboflavin, 50 mmol/L nitroblue tetrazoliuming the reaction mixture; the absorbance of formazan
was recorded at 560 nm, and the percentage scavenging
activity was described as the inverse of the produced
formazan. Ascorbic acid was used as a positive control.
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Table 1
Total phenolics and flavonoids content of methanolic extract of A.
jacquemontii roots.
Total phenolics contenta 45 ± 1.7
Total flavonoids contentb 35.5 ± 2.2
a mg gallic acid equivalent (GAE)/g DW.
V
2
m
e
2
1
2
a
1
5
a
s
c
2
2
n
D
N
s
t
3
m
b
t
b
m
5
t
b
M
p
p
2
m
[
a
d
(b mg rutin equivalent/g DW.
alues are means of three biological replicates.
.4.3.  Ferric  reducing  power  assay
Ferric reducing or antioxidant power was deter-
ined as described earlier [15]. Briefly, 100 L of the
xtract (100–500 g/mL) were mixed with 2.5 mL of
00 mmol/L phosphate buffer (pH 6.6) and 2.5 mL of
% potassium ferricyanide and incubated at 50 ◦C for
0 min. Then, 2.5 mL of 10% trichloroacetic acid were
dded, and the tubes were centrifuged at 10,000 rpm for
0 min. Then, 5 mL of the upper layer were mixed with
.0 mL distilled water and 1 mL of 0.1% ferric chloride,
nd the absorbance of the reaction mixtures was mea-
ured at 700 nm. Ascorbic acid was used as a positive
ontrol.
.5.  Antimicrobial  property
.5.1.  Antibacterial  activity
Antimicrobial activity was tested in both Gram-
egative and Gram-positive bacteria obtained from the
epartment of Microbiology, RTM Nagpur University,
agpur, India. The strains were maintained by periodic
ubculture on nutrient agar and preserved at 4 ◦C prior
o use. They were grown overnight in 10 mL broth at
7 ◦C, which was then centrifuged at 150 rpm. Mini-
um inhibitory concentrations (MICs) were determined
y the broth microdilution method [16–18]. Serial dilu-
ions of the stock solutions of the crude extract in
roth medium were prepared on a microtitre plate, and
icrobial suspensions were added to the microwells at
 ×  105 microorganisms/mL. The microtitre plates were
hen incubated at 37 ◦C for 24 h. Activity was recorded as
lue colouration in the wells after addition of resazurin.
ICs were determined as the lowest concentrations that
revented visible growth. Streptomycin was used as a
ositive control. Each assay was repeated three times.
.5.2. Antifungal  activity
The antifungal activity of the root extract of A.  jacque-
ontii was determined by the disc diffusion method
19]. A conidial suspension (1 mL) of each fungus was
dded to each Petri dish, followed by 15 mL of potato
extrose agar supplemented with streptomycin sulfate
100 mg/L). After solidification of the substrate, a 5-mmversity for Science 9 (2015) 449–454 451
disc of Whatman paper No. 3 was soaked with 20 L of
root extract, allowed to dry and placed on the inoculated
Petri dishes. For the control, the disc was moistened with
methanol. The plates were then incubated at 28 ◦C for 7
days. Antifungal activity was evaluated as the percentage
inhibition of mycelium growth according to the formula:
%I  = C −  T
C
×  100
where C  and T are the mean mycelium growth (mm) of
controls and treated discs. All tests were performed in
triplicate.
2.6.  Statistical  analysis
Statistical analysis was carried out with GraphPad
Prism 6 software (Graph Pad Software, Inc., USA), and
results are expressed as means ± standard deviation.
3.  Results  and  discussion
3.1.  Phenolic  and  ﬂavonoid  contents
The total phenolic content of the methanolic
root extract, calculated from the calibration curve
(R2 = 0.998), was 45.17 ±  1.70 gallic acid equiva-
lents/g, and the total flavonoid content (R2 = 0.999) was
35 ±  2.20 rutin equivalents/g (Table 1). Phenolic com-
pounds have redox properties, which allow them to act as
antioxidants [20]. As their free radical scavenging ability
is facilitated by their hydroxyl groups, the total phenolic
concentration could be used as a basis for rapid screening
of antioxidant activity. Flavonoids, including flavones,
flavanols and condensed tannins, are plant secondary
metabolites, the antioxidant activity of which depends
on the presence of free OH groups, especially 3-OH.
Plant flavonoids have antioxidant activity in  vitro  and
also act as antioxidants in  vivo  [21,22]. As this is the
first report on the antioxidant activity of A.  jacquemon-
tii, thorough phytochemical analyses should be done to
identify the active phenolic and flavonoid components.
3.2.  Antioxidant  activity
Plants rich in secondary metabolites, including
phenolics, flavonoids and carotenoids, have antioxidant
activity due to their redox properties and chemical struc-
tures. The methanolic root extract of A.  jacquemontii  had
strong antioxidant activity against all the free radicals
investigated. The DPPH radical is widely used in assess-
ing free radical scavenging activity because of the ease
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Table 2a
Antibacterial activity of methanolic extract of A. jacquemontii of roots
(MIC values expressed as mg/ml).
Microorganism Root extract Streptomycin
Proteus mirabilis 0.29 ± 0.015 0.056 ± 0.003
Streptococcus faecalis 0.41 ± 0.012 0.025 ± 0.002
Escherichia coli 0.34 ± 0.012 0.055 ± 0.004
Salmonella enteritidis 0.24 ± 0.014 0.020 ± 0.002
Micrococcus luteus 0.27 ± 0.008 0.020 ± 0.003
Enterobacter cloacae 0.35 ± 0.015 0.015 ± 0.004
Bacillus subtilis 0.28 ± 0.008 0.025 ± 0.003
Staphylococcus aureus 0.37 ± 0.012 0.025 ± 0.003Fig. 1. (a) Free radical scavenging activity, (b) superoxide scavenging
Arisaema jacquemontii. Ascorbic acid was included as a positive cont
of the reaction. DPPH scavenging activity was 64.16%
at a concentration of 500 g/mL root extract, while that
of the control, ascorbic acid, was 84% (Fig. 1). Super-
oxide is a reactive oxygen species that can damage cells
and DNA, leading to various diseases [23]. Superoxide
scavenging activity, determined in the NBT assay, was
62.16% for 500 g/mL of the root extract and 89.36%
for ascorbic acid (Fig. 1). In assays of the reducing power
of the crude extract, significant changes in absorbance
at 700 nm were observed (0.12–0.64) with increasing
concentrations of extract (100–500 g/mL) (Fig. 1).
The high phenolic and flavonoid content is respon-
sible for the bioactivity of these crude extracts.
Flavonoids are highly effective scavengers of most
oxidizing molecules, including singlet oxygen, and var-
ious other free radicals implicated in several diseases
[24]. Flavonoids suppress reactive oxygen formation,
chelate trace elements involved in free-radical produc-
tion, scavenge reactive species and up-regulate and
protect antioxidant defenses [25]. Similarly, phenolics
conferring oxidative stress tolerance on plants. Crude
extracts of fruits, herbs, vegetables, cereals and other
plant materials rich in phenolics are increasingly being
used in the food industry for their antioxidative proper-
ties and health benefits.Pasturella multocida 0.32 ± 0.014 0.020 ± 0.003
3.3.  Antimicrobial  activity
The antibacterial properties of methanolic extract of
the roots of A.  jacquemontii  in  vitro  are presented in
Table 2. The extracts had antibacterial activity against
both Gram-positive and Gram-negative bacteria, with
MICs of 0.24–0.41 mg/mL. The extract had the greatest
activity against Salmonella  enteritidis  and Micrococ-
cus luteus  and the least against Streptococcus  faecalis
and Staphylococcus  aureus. The root extract also had
significant antifungal activity (Table 2), with values of
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Table 2b
Antifungal activity of methanolic extract of A. jacquemontii roots
(expressed as % inhibition of mycelium growth).
Sample Fusarium
oxysporum
Phythium
ultimum
Rhizoctonia
solani
Aspergillus
ﬂavus
Root
extract
36.50 29.00 34.00 28.32
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ach value is a mean of three biological replicates.
8.32–36.50%, the greatest activity being seen against
usarium oxysporum  and the least against Aspergillus
avus.
These results suggest that A.  jacquemontii  is a poten-
ial source of broad-spectrum antimicrobial agents. The
ntimicrobial activity of the extract may be attributed to
he high content of flavonoids, which have been reported
o be involved in inhibition of nucleic acid biosynthe-
is and other metabolic processes [26]. Flavonoids have
lso been reported to inhibit spore germination of plant
athogens [27]. Moreover, flavonoids are synthesized by
lants in response to microbial infection. Phenolic com-
ounds with a C3 side chain at a lower level of oxidation
nd containing no oxygen have often been reported to be
ntimicrobials [28]. The partially hydrophobic nature of
heir phenolic compounds has also been reported to be
esponsible for their antimicrobial activity. The mecha-
ism of the toxicity of polyphenols against microbes may
e related to inhibition of hydrolytic enzymes (proteases)
r other interactions that inactivate microbial adhesins,
ell envelope transport proteins and non-specific inter-
ctions with carbohydrates [29]. The antifungal and
ntimicrobial activity of phenolic and flavonoid com-
ounds has been reported previously [30–32]. Isolation
f the responsible elements is necessary for fully eluci-
ating the antibacterial activity of these crude extracts.
his might also provide insight about their possible use
n food and non-food systems.
.  Conclusion
Our results suggest that A.  jacquemontii  is a potential
ource of antioxidant and antimicrobial agents and could
e used as a natural antioxidant and preservative in food
nd non-food systems. Further phtyochemical analysis
s required to isolate the elements of the plant that show
 broad spectrum of pharmacological activity.eferences
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